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1 Background
In this contribution we consider the outstanding issues for switching between 2 bands with dual-TAG listed in the RF WF for [1] and related issues. We also consider a 3-band case with dual-TAG.
We first recall the timing relations between DL and UL carriers. The timing advance TTA is defined in 38.211, clause 4.3.1
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Figure 4.3.1-1: Uplink-downlink timing relation.




The NTA,offset is the same within a TAG, but not necessarily between multiple TAGs when there is a coxistence case in one of the uplink bands. The UE is subject to the maximum uplink slot timing difference MTTD for non-collocated UL CA specified in sub-clause 7.5 of 38.133, which means that requirements are specified for a delay difference between the UL symbols of the UL radio frames can be up to about a symbol duration for sub-carrier configuration m = 1 as shown in Figure 1.
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Figure 1: timing difference in the UL.

We only consider time masks for configuration m = 0 and m = 1 on the carriers. 
2 Time masks with location of T0 and switching periods
The main outstanding issue is the following listed in the WF [1]
Sub-topic 2-1: RF specification impact
Way forward:
· RAN4 can further discuss the following two options in RAN4 #106e-bis meeting:
· Option 1: Introduce new time mask requirements 

· Option 1a: To ensure that UE functionality can be properly tested, modify the existing time masks such that Tx switching with uplink slot timing difference between carriers is verified when symbols containing the switching period preceding the time T0 are not scheduled by the test system on either carrier to avoid UE malfunction in the field.

· Option 2: Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction. 

Option 1 is the only feasible. But there are indeed also scheduling restrictions: for all switching scenarios of UL CA and SUL, “the UE is not expected to transmit for the duration of [image: image4.png]N. Tx1-Tx2



 on any of the carriers” according to 38.214. Clearly, for the gNB to able to avoid scheduling the UE during the Tx switching, the location of the switching period must be known, for otherwise it can occur during the entire PUSCH preparation time or longer (from the DCI triggering the switch). In the latter case, the gNB would have to avoid scheduling the UE from the DCI triggering the switch and the location of the DL interuption could occur anytime during this period in the absence of a specified location. A location of the switching period preceding T0, would also locate the possible DL interuption (within timing errors and inaccuracy), see and example in [2].  
We recall that a transmission starts at at T0 on a carrier following a switch triggered earlier than T0-Toffset (the second term the PUSCH preparation time) by DCI(s) or configured grants and that there can only be one switch in a slot of duration mUL = max(mUL,1,mUL,2) with mUL,1 and mUL,2 on carrier 1 and carrier 2, respectively.
The location of the switching period w r t T0 should also be made clear in the dual-TAG case in which the gNB must avoid scheduling up to an additional symbol for the smallest sub-carrier configuration m. We start with the single-TAG case in Figure 2 for reference with the switching period configured on carrier 1 (top) and carrier 2 (bottom). Symbols not scheduled and overlapping with configured switching periods are shaded. Transmissions only applicable for dualUL transmissions are shown in grey highlight, these are not applicable for switchedUL  configuration and SUL. Other symbols not transmitted are not highlighted, there are no transmissions overlapping with 1-port transmission on carrier 2 for switchedUL/SUL or 2-port transmission on carrier 2. For the switching period configured on carrier 1, n1 symbols of duration Tsymb,1 (the shortest symbol length in a slot including the CP) of the numerology mUL,1 on carrier 1 just overlapping with the switching period must be blanked (not scheduled). For dualUL transmission the corresponding number of symbols for the numerology mUL,2 on carrier 2 must be blanked. The case for the switching period configured on carrier 2 (bottom) is similar. 
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Figure 2: time mask for the single TAG case.
The UL switching time is the same for single-TAG and dual-TAG cases, the timing difference effect and switching period are already included the PUSCH preparation time in the current specification. The switching period capabilites are slightly shorter than an integer number of OFDM symbol durations (including the CP). In the dual-TAG case in Figure 3 the switching is configured on carrier 1 and the UL carrier 1 leading (top) and lagging (bottom). An additional symbol may have to be blanked before T0 on carrier 1, 1, n2 > n1 symbols of numerology mUL,1 to cover an UL timing difference. For dualUL at least m1 symbols of numerology mUL,2 must be blanked before T0 on carrier 1 and m2 > m1 symbol such that no transmissions occur on any carrier before T0 on carrier 1. This must be made clear in timing diagrams, which also allows verification of UE behavior in conformance tests.
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Figure 3: time mask for dual-TAG with the switching period configured on carrier 1.
Figure 4 shows the case with the switching period configured on carrier 2. Then m2 > m1 symbols with numerology on numerology mUL,2 must be blanked before T0 on carrier 1 such that no transmissions occur on any carrier before T0 on carrier 1 since carrier 2 is lagging in the uplink; the switching should occur before T0 on carrier 1 on both carriers in case of 2T-2T capability.
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Figure 4: time mask for dual-TAG with the switching period configured on carrier 2.

The time masks above account for all possible cases, although the scheduling restrictions are not unique: we have assumed that the additional blanking needed to account for UL timing difference is made on the carrier on which the switching period is configured. Figure 5 shows the case of a UE supporting dualUL for an FDD + TDD configuration with 2-port operation state (top) and 1-port state (bottom) on carrier 2. In the latter case no switching is applicable following the 38.214. 
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Figure 5: an FDD + TDD CA case with dualUL configured.
We propose that
Proposal 1: time masks are also included also for the dual-TAG case to make clear the following
· For both single TAG and dual TAG, the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission.
· The dual-TAG case is consistent with the single TAG case when the timing advance is TTA,1 = TTA,2 for TAG 1 and TAG 2. 
· For dualUL configuration the switch is completed before T0 before transmission can commence on any one of the carriers following the switch regardless of the number of supported TAG.
This should also be verified to avoid malfunction in the field.
3 The minimum UL outage time
A related issue is the minimum UL outage time. The figures above also show the minimum “outage time” required to absorb the switching time and any additional UL timing difference. The “minimum outage time” corresponds to the switching period and any additional symbol not scheduled due to the TA difference in terms of an integer number of OFDM symbols, the T0 must start at symbol boundaries. 
Proposal 2: there is no need to specify the minimum UL outage time for the dual TAG case. The minimum outage UL time for dual TAG in number of OS would be evident from the time masks with TA difference: one more OFDM symbol of a duration longer than MTTD may be needed as compared to the minimum outage for single-TAG case. 
4 The 3-4 band switching case with dual-TAG
A specification of the location of the the T0 and the switching period are not less important for Tx switching across 3-4 bands as demonstrated in [3] for the single-TAG case. Unlike for the single-TAG case, the time T0 cannot be configured concurrently on two carriers following overlapping switches from a 2-port transmission on one carrier as shown in Figure 6 for a three-band/carrier case with one FDD band and two TDD bands. Notwithstanding, the switching on both carriers must precede the T0 on carrier 2 for otherwise transmissions on carrier 2 occurs before transmissions commence on carrier 1. Alternatively, a degradation may have to be accepted on carrier 2 in case the Tx switch to carrier 1 on the FDD band is not completed before T0 on carrier 2.
[image: image9.png]T, (carrier 3) T, (carrier 2)
1

Slot(s)/subslot(s) on carrier 3
2-port operation state

E TDD (sim Rx-Tx)
“““ i UL-MIMO

ON power ! _ ! ON power ON power ON power
requi 1 TTA,Z = TTA,3 . f | :
quirement 1 1 requirement requirement H requirement
. . g A - _ .
5/{/,",‘;577 T Slot/subslot on carrier 2 TDD (Slm RX-TX)
’jﬁ‘,,; % ________________________________________ e -port operation state (dualUL) UL-MIMO
1 1
! [
1 1
Transient period :<—>:I — Transient period Transient period :q—y', | Transient period
10 ps -1 Switching 10 ps 10 ps o Switching 10 ps
period X ps ! period X s
“«—> H «—— >
ny X Tsymb,Z : ny X Tsymb,Z
1
| T, (carrief 1)
1
1
: Tra2 2 Tran :
1
1

1 '«—— ON power requirement
1
"""""""""""""""""""""""""""" it
1
i 1

lot/subslot on carrier 1
. : FDD UL
-port operation state

i

1
1
| | Transient period
1 Switching 1 : 10 ps
period Y ps | |

1 1

1

> my x Tsymb,Z




Figure 6: 3-band switching for dual-TAG with overlapping switches.
We make the following
Observation l: specification the locations of the the T0 and switching periods in time masks are not less important for Tx switching across 3-4 bands. For switching across more than two bands with dual-TAG configured, the time T0 cannot be configured concurrently on two “switch-to” carriers following overlapping switches from a 2-port transmission on one “switch-from” carrier; one way is that the switching on both carriers precede the first occurrence of T0 on any “switch-to” carriers. 

5 Proposal

We propose that
Proposal 1: time masks are also included also for the dual-TAG case to make clear the following

· For both single TAG and dual TAG, the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission. 

· The dual-TAG case is consistent with the single TAG case when the timing advance is TTA,1 = TTA,2 for TAG 1 and TAG 2. 

· For dualUL configuration the switch is completed before T0 before transmission can commence on any one of the carriers following the switch regardless of the number of supported TAG.
Proposal 2: there is no need to specify the minimum UL outage time for the dual TAG case. The minimum outage UL time for dual TAG in number of OS would be evident from the time masks with TA difference: one more OFDM symbol of a duration longer than MTTD may be needed as compared to the minimum outage for single-TAG case.
and for switching across more than two bands

Observation l: specification the locations of the the T0 and switching periods in time masks are not less important for Tx switching across 3-4 bands. For switching across more than two bands with dual-TAG configured, the time T0 cannot be configured concurrently on two “switch-to” carriers following overlapping switches from a 2-port transmission on one “switch-from” carrier; one way is that the switching on both carriers precede the first occurrence of T0 on any “switch-to” carriers. 
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